1 The fusion temperature of 2-cyano-3-[5-(phenyl)-2-furyl]-2-propenamide and 2-cyano-3-[5-(4-methylphenyl)-2-furyl]-2-propenamide and their temperature dependence of dissolution in acetonitrile, benzene, dimethylketone, ethyl acetate and 2-propanol have been determined. According to the temperature dependence the differential enthalpies and entropies of the solution were calculated. Taking into account the entropies of fusion the entropies and enthalpies of mixing were calculated at 298 K. The effect of intermolecular interaction in the investigated solutions on their solubility and enthalpies of mixing has been analyzed.
Introduction
A great number of modern drugs are created on the basis of five-term heterocyclic compounds with one or two heteroatoms. Their application has become possible due to a biological activity of natural heterocyclic compounds [1] [2] . Thorough investigation of their synthetic analogues provides the synthesis of drugs of new generation. Alkylfuran derivatives belong to the compounds, which have diverse biological activity and may be used for the creation of new drugs with different pharmaceutical properties, namely antimicrobial activity, as well as for treatment of neurodegenerative and cancer diseases [3] [4] .
2-Cyano-3-[5-(phenyl)-2-furyl]-2-propenamide and 2-cyano-3-[5-(4-methylphenyl)-2-furyl]-2-propenamide are the derivatives of alkylfuranes. They contain electrondonor and electron-acceptor functional groups which may be reactive centers at new drugs synthesis. The synthesis is usually conducted in the solvent medium, using especially purified reactants. The compounds purity is provided by a multistep purification including distillation, sublimation and recrystallization. The latter process is realized with widely used solvents. Therefore the investigation of solubility and thermodynamic parameters which accompany the solvent interaction with a solute is an actual problem to optimize extraction and purification processes of the organic compounds.
Experimental
The scheme of 2-cyano-3-[5-(phenyl)-2-furyl]-2-propenamide ( I ) and 2-cyano-3-[5-(4-methylphenyl)-2-furyl]-2-propenamide (II) synthesis is presented in Fig. 1 .
The compounds I and II were obtained via interaction of equimolar quantities of corresponding aldehyde and cyanacetic acid amide. The reaction proceeds in the ethanol medium at heating in the presence of piperidine. The resulting precipitate was filtered, washed by ethanol and fourfold recrystallized from ethanol-dimethylformamide mixture.
The samples were identified by NMR spectroscopy. The spectra were recorded using Varian 600 instrument (600 MHz). DMSO-d6 was used as a solvent. The chemical shifts (δ, ppm) relative to DMSO signal (2.5 ppm) are represented in Table 1 . Compounds purity was determined using Agilent 1100 HPLC equipped with diode matrix and mass selective detector on the column Zorbax SB-C18, 4.6x15 mm, An acetonitrile-water with 0.1 % TEA (95:5) was an eluent. A series of widely used low-boiling solvents differed by polarity was chosen for investigations. Before usage the solvents were purified via fractional distillation followed by their identification relative to a refractive index ( 20 D n ) and boiling temperature (T boil ). The content of the main component was determined using a gas-liquid chromatography. Table 2 represents physico-chemical properties of the investigated solvents and data from the literature for comparison.
The solvents were saturated in a hermetic glass vessel equipped with a Teflon stirrer, thermometer and nipple for sampling. Before the experiments the substance was kept in the solvent at room temperature for two days. Then it was stirred at the experiment temperature for 90 min. The water temperature in a thermostat was kept with an accuracy of ±0.1 K. Stirrer rotation speed was 30-40 rev/min. To confirm the achieved equilibrium the studies were carried out at higher and lower temperatures. The absence of hysteresis loop on the temperature dependence curve confirms the state close to an equilibrium one.
The sampling was carried out by a series of 2-3 samples which were transferred in previously weighed bottles. After the bottles were hermetically closed and weighed they were opened and dried till the constant weight in the oven at 343 K. The dry sample was weighed and its mole fraction in the saturated solution was calculated. The analytical balance VLR-200 was used for weighting with the accuracy of ±0.0002 g.
Derivatographic investigations were carried out using Q-1500 D Paulik-Paulik-Erdey derivatograph. The samples were analyzed under dynamic mode with the heating rate of 3 K/min in the air medium.
Results and Discussion
The investigation results are given in Table 3 : experimental temperature ( T ); weight ( m 2 ) and mole fraction (x 2 ) of dissolved compounds. The results of the temperature dependence are approximated by the equation Table 3 ). Here and hereinafter the errors of all values are given for the significance level of 0.95.
Table 3
Temperature dependence of investigated compounds solubility in the organic solvents ) of the solution are calculated using the coefficients from Table 3 according to Eqs. (1) and (2). The results of the calculation are presented in Table 4 .
where R -absolute gas constant, J/mol·K; A and Bconstants of the equation lnх 2 =А -В/Т.
Calculated thermodynamic parameters of solutions ∆ sol H 0 and ∆ sol S 0 (Table 4) 5), where correction for weight loss during fusion is taken into account [6] :
where q fus and q vap -amount of heat absorbed during fusion and vaporization, respectively, J; m 0 -weight of the sample at the moment of fusion, g; ∆m vap -weight loss of the sample during the period to determine area S, g; Δ fus H and Δ vap H -specific enthalpies of fusion and vaporization at the fusion temperature, respectively, J/g; K -coefficient of heat transfer for the correspondence between the process heat efficiency and response as a peak area under DTA curve, J/K·s. The coefficient K was determined in [6] . Enthalpies of fusion of the investigated compounds obtained by derivatography are given in Table 5 .
The change of entropy at fusion temperature is calculated according to Eq. (6) (7) and (8) The values recalculated at 298 K are presented in Table 4 .
Differential values Δ mix H and Δ mix S calculated according to Eqs. (3) and (4) (Table 4) characterize the interaction of the components in the solution. Their positive and negative values are connected with the type of intermolecular bonds, including hydrogen bonds between component and solution molecules [8] . The molecules have electron-donor (carbonyl, nitrile) and electron-acceptor (hydroxy, amine) groups capable to form hydrogen bonds, the energy of which is 15-20 kJ/mol for strong bonds and 4-6 kJ/mol -for weak bonds [9] . It is known [10, 11] that high specific enthalpy of vaporization partly confirms the formation of strong hydrogen bonds. For this purpose the enthalpy of vaporization of the compounds I and II determined by thermogravimetry were recalculated for 298 K according to the method given in [12] and enthalpies of vaporization of the solvents were taken from [11] . The results are presented in Table 6 . The compound vaporization is accompanied by destroying all intermolecular bonds provided by dispersive, dipole-dipole interactions and hydrogen bonds [10, 13] . If we assume that the intermolecular interaction in alkanes is provided only by dispersive forces, then the difference between enthalpy of vaporization of the investigated compounds and alkane with the same molecular mass gives the energy of dipole-dipole interaction and hydrogen bonds. Enthalpies of vaporization for hypothetic alkane were calculated in [11] and given in Table 6 . To calculate the enthalpy of vaporization of hypothetic alkanes with the molecular mass of dissolved compounds, we chose three alkanes Table 6 .
Enthalpies of vaporization are proportionate to the energies of intermolecular interactions of different compounds in the solution (Table 6 ). Thus, the solubility of the investigated compounds in 2-propanol and benzene is endothermic (Table 4 ). The reason is that the energy of different bonds opening in solvents and investigated compounds is not equalized by the energy of a new bonding between the solvent and solute molecules. The proton-donor properties of the compound II are better compared with those of the compound I. This fact is confirmed by negative values of differential enthalpies of mixing with solvents having proton-acceptor properties.
Conclusions
The thermodynamic properties and differential heats of solution determined for 2-cyano-3-[5-(phenyl)-2-furyl]-2-propenamide and 2-cyano-3-[5-(4-methylphenyl)-2-furyl]-2-propenamide may be used to optimize the processes of synthesis, purification and processing with their participation.
